Based on the approach of the vector form factor F + B→π,K (q 2 ) in our previous papers, we extend the calculation of the radiative corrections to the B → P (P stands π, K and all light pseudoscalar mesons) scalar and tensor form factors F at q 2 = 0 and the SU f (3)-breaking effects are discussed too.
I. INTRODUCTION
The form factors of heavy-to-light transitions at large and intermediate energies are among the most important applications of QCD light-cone sum rule (LCSR), since the validity of the LCSR approach is restricted to the large meson energy (E P >> Λ QCD ) via the relation q 2 = m 2 B − 2m B E P . In literature there are several approaches to calculate the B → light meson transition form factors in addition to the QCD LCSR approach, such as the lattice QCD technique and the perturbative QCD (PQCD) approach. These approaches are complementary to each other, since they are adaptable in different energy regions, and by combining the results from these three methods, one may obtain a full understanding of the B → light meson transition form factors in its whole physical region [1, 2, 3, 4] . Since the LCSR is restricted to small and moderate q 2 , a better LCSR shall present a better connection to both the PQCD and the lattice QCD results, and then a better understanding of these form factors.
How to "design" a proper correlator for these heavy-to-light form factors is a tricky problem. If the correlator is chosen properly, one can simplify the LCSR greatly. As for the B → light pseudoscalar mesons, the commonly adopted correlators are usually defined as 
where q(x) and q ′ (0) stand for the light quark fields that form the pseudo-scalar mesons.
By taking such conventional correlation functions, it has been found that the main uncertainties in estimation of the B → P form factors come from the different twist structures of pion/kaon wave functions, and most importantly, the twist-2 and twist-3 contributions should be treated on the equal footing [5, 6, 7] . Thus one has to calculate both the twist-2 and twist-3 contributions up to one-loop accuracy in order to obtain a consistent one-loop estimation of the form factors.
On the other hand, by taking proper chiral currents into the correlator, one can directly eliminate the most uncertain twist-3 terms, and then only needs to calculate the twist-2 contribution to next-to-leading order (NLO) accuracy [8, 9, 10] . At the present, the vector form factors f + B→π,K (q 2 ) has been calculated with the chiral current in the LCSR up to NLO [3, 9] . It can be found that the scalar and penguin form factors f 0,T B→π,K (q 2 ) shall be important in due cases, e.g. the penguin form factors shall give sizable contributions to B → P l + l − or B → K * γ [11] . So it is interesting to extend the previous study to all the B → P (P stands π, K and all light pseudoscalar mesons) transition form factors f
with the chiral current in the LCSR up to one-loop accuracy. Furthermore, it maybe also interesting to know to what degree the different choices of correlator shall affect the final LCSRs, which is another purpose of present paper.
The paper is organized as follows. In Sec. II, we present the calculation technology to obtain the LCSRs for the B → P transition form factors f +,0,T B→P (q 2 ) with chiral currents, where the SU f (3)-breaking effects for the kaonic case will be explained in due places. Numerical results and discussions are presented in Sec. III, where the uncertainties of form factors under the present LCSRs shall be discussed. The comparison with other approaches will be presented in Sec.IV. Sec.V is reserved for a summary.
II. CALCULATION TECHNOLOGY FOR THE B → P TRANSITION FORM FACTORS WITH PROPER CHIRAL CURRENTS
A. A definition of f +,0,T B→P Based on the previous calculation about the transition form factor B → π/K, we present the formulae for the B → P transition form factors for generality such that these formulae can also be conveniently extended for other light pseudo-scalar form factors like B → η and B → η ′ form factors. With default, we adopt the chiral limit p 2 P = m 2 P = 0, but point out how to include the SU f (3)-breaking effects for the B → K form factors in due places, i.e.
the dominant SU f (3)-breaking effects will be discussed with the newly obtained K meson distribution amplitudes [12] . The hadronic matrix elements for the B → P transition form factors are parameterized as
with P representing the pseudoscalar,
stand for the vector, scalar and tensor form factors respectively. It can be found that the scalar form factor f 0 B→P (q 2 ) satisfies the following relation:
As for the LCSR calculation, different to the conventional choice of the correlation functions as shown in Eqs. (1,2) , we choose the following chiral currents in the correlation functions,
where P = p + 2q.
We calculate the form factors f
following the same calculation technology as described in Refs. [3, 9] , where the vector form factors f propagator within the background field:
where only the free propagator and the one-gluon terms are retained, G µν stands for the background gluonic field strength, and g s denotes the strong coupling constant. The invariant amplitudes Π + can be obtained by substituting the b-quark propagator and the corresponding LC wave functions, and completing the integrations over x and k.
The OPE results for the invariant amplitudes Π + can be represented as a sum of LO and NLO parts:
where
2 ) stands for the LO and the NLO contributions respectively. As for the LO invariant amplitude, we obtain:
where the parameters are defined as:
Here ϕ P is the twist-2 LC wave function, and
functions defined in a same way as the pionic case that have been defined in Ref. [12] , whose explicit forms are put in the APPENDIX A. It is found that only the twist-2 and twist-4 contributions are contained in the above expressions, and the twist-3 terms are rightly eliminated by taking the present adopted chiral currents within the correlators.
Since the most uncertain twist-3 contributions are eliminated and the twist-4 contribution itself is quite small, so we only need to consider the NLO correction to the twist-2 terms.
The NLO invariant amplitude Π + 1 for the twist-2 contribution can be written in the following factorized form:
where by taking m b to be the b-quark pole mass, the NLO hard scattering amplitudes T + 1
can be written as
where the dilogarithm function Li
can be schematically written as
where ρ + T 2 (s, q 2 ) is the contribution from the twist-2 DA and ρ
is the B-meson decay constant. The Borel parameter M 2 and the continuum threshold s 0 are determined such that the resulting form factor does not depend too much on the precise values of these parameters; in addition the continuum contribution, which is the part of the dispersive integral from s 0 to ∞ that has been subtracted from both sides of the equation,
should not be too large, e.g. less than 30% of the total dispersive integral.
As for the LO twist-2 and twist-4 contributions, we obtain
where △ =
As for the NLO twist-2 contribution, it is convenient to write the NLO ρ
for the case of r 1 < 1 and r 2 > 1. The operation " + " is defined by
The two functions L 1 (x) = ln
are introduced to make the formulae short. The above formulae are derived in the Feynman gauge and by regularizing both the ultraviolet and collinear divergences by the standard dimensional regularization in the MS scheme.
For convenience, we calculate the combined function f *
first and then derive f 0 B→P with the help of Eq.(4). The OPE results for the needed invariant amplitudes Π −,T can be represented as a sum of LO and NLO parts:
where Π
2 ) stand for the LO and NLO contributions respectively. As for the LO invariant amplitudes, we obtain:
Similar to the case of Π
, one may also observe that only the twist-2 and twist-4 contributions are contained in the above expressions, and the twist-3 terms are rightly eliminated by taking the present adopted chiral currents within the correlators. The
for the twist-2 contribution can be written in the following factorized form:
where by taking m b to be the b-quark pole mass, we have
and
Schematically, the QCD LCSRs for f * ,T B→P can be written as
As for the LO twist-2 and twist-4 contributions, with the help of the Eqs. (19, 20) , we
From the above equations, we immediately obtain the relations among f ±,T B→P (q 2 ) at the LO and up to the twist-3 accuracy, i.e.
which agree with the conclusions drawn in Ref. [13] . Moreover, with the help of Eqs. (4, 28) ,
As for the NLO twist-2 contribution, the NLO ρ * ,T T 2 (s, q 2 ) can be written as
where 1 2π
for the case of r 1 < 1 and r 2 > 1.
As a cross check of the above NLO formulae for the twist-2 contributions, it can be found that our present results for f +, * ,T
B→π agree with Ref. [14] by transforming the formulae for the MS b-quark mass to be the ones for the b-quark one-loop pole mass, except for an overall factor 2 1 .
Here similar to the treatment of Refs. [3, 15, 16] , we have adopted the b-quark pole mass to do the calculation. Refs. [14, 17] have argued to use the b-quark MS running mass other than the pole mass. Numerically, we shall show in due places that if properly choosing the possible ranges for the undetermined parameters, these two treatments are in fact equivalent to each other within reasonable uncertainties. We prefer to take the pole quark mass, sine the pole quark mass is universal that can be determined through proper potential model analysis or through lattice QCD calculation, while the running quark mass is process dependent,
i.e. depends on the renormalization scheme and the renormalization scale of a particular process. 
III. NUMERICAL RESULTS FOR
As has been argued in the last section, we shall adopt the b-quark pole mass to do numerical calculation throughout the paper. As for the value of f B , to be consistent with the present calculation technology, they should be determined by using the two-point sum rule with proper chiral currents up to NLO. Such a calculation has been done in Ref. [3] , the interesting reader may turn to Ref. [3] for more calculation detail, and here we only quote some typical results as shown in Tab.I, where the one-loop pole mass m b is taken to be (4.80 ± 0.05) GeV [19] .
Naively, the leading twist-2 DAs φ π and φ K can be expanded as Gegenbauer polynomials Fig.(1) . Note here we do not adopt the wider range of a π 2 = 0.25±0.15 as suggested by Ref. [12] , since we prefer a more asymptotic-like pion DA as favored by a very recent QCD LCSR analysis of B → π vector form factor [27] . The first Gegenbauer moment a K 1 has been studied by several references, e.g. Refs. [12, 22, 23, 24, 25, 26] and etc. For convenience, we quote the values for the twist-2 Gegenbauer moments of kaon as obtained from the average of those obtained in literature to do the discussion, a K 1 (1GeV) = 0.06±0.03 and a K 2 (1GeV) = 0.25 ± 0.15 [12] . Furthermore, for the twist-2 DAs, we do not adopt the Gegenbauer expansion (A1), since its higher Gegenbauer moments are still determined with large errors whose contributions may not be too small, i.e. their contributions are comparable to that of higher twist structures [3] . As a compensation, we adopt the suggestion of deriving the pion and kaon DAs from their corresponding WFs by integrating over the transverse momentum [3] . And the twist-2 pion and kaon WFs can be constructed on their first two Gegenbauer moments and on the BHL prescription [28] , i.e. and
1,2 (1 − 2x) are Gegenbauer polynomials. The constitute quark masses are set to be: m q = 0.30GeV and m s = 0.45GeV. After doing the integration over the transverse momentum dependence, we obtain the twist-2 kaon DA, e.g. 
The four unknown parameters can be determined by the first two Gegenbauer moments, the normalization condition [29] , where the average value of the transverse momentum square is defined as
Some typical parameters for the pion and kaon WFs are presented in Tab.II and Tab.III. A comparison with the conventional Gegenbauler expansion DAs is presented in Fig.(2) . The remaining parameters for the twist-4 DA's (δ 2 π,K , ǫ π,K ) are presented in Tab.IV, which are taken from [12] . 
It is found that this larger SU f (3)-breaking effect is obtained by taking a larger a So a better determination of a K 2 (1GeV ) will be helpful to obtain a better understanding of the SU f (3)-breaking effect.
We show the B → π vector, scalar and tensor form factors with their corresponding errors in Fig.(3) , where the center dashed line is for m b = 4.80 GeV, a from the different parts in Fig.(4) , where all the parameters are taken to be their center
B→π (q 2 ), it can be found that the LO twist-2, the NLO twist-2 and the LO twist-4 contributions are positive, more specifically at q 2 = 0, they are about 68%, 26% and 6% respectively. f gives negative contribution, more specifically at q 2 = 0, they are about 72%, 30% and −2% respectively. The adopted chiral current approach has a striking advantage that the twist-3 LC functions which are not known as well as the twist-2 light-cone functions are eliminated, and then it is considered to provide results with less uncertainties. On the other hand, by using the standard weak current in the correlator as shown by Eqs. (1,2) , it has been pointed out that the twist-3 contributions can contribute ∼ 30 − 40% to the total contribution [32] .
So to obtain a more accurate result, one has to calculate the above correlator by including one-loop radiative corrections to both the twist-2 and the twist-3 contributions. Such a calculation together with the updated pion and kaon twist-3 wave functions has been done by Ref. [5] .
It may be interesting to do a comparison of their results with our present ones so as to show whether these two treatments are consistent with each other or not. For such purpose, we adopt the following convenient form for the QCD sum rules obtained by Ref. [5] , which splits the B → P form factors into contributions from different Gegenbauer moments:
where f as contains the contributions to the form factor from the asymptotic DA and all higher-twist effects from three-particle quark-quark-gluon matrix elements, f a P 1 ,a P 2 ,a P B→π (q 2 ) respectively. As a comparison, the shaded band shows the results of Ref. [5] together with its 12% theoretical uncertainty. respectively. As a comparison, the shaded band shows the results of Ref. [5] together with its 15% theoretical uncertainty.
tains the contribution from the higher Gegenbauer term of DA that is proportional to a P 1 , a P 2 and a P 4 respectively. The explicit expressions of f as,a P 1 ,a P 2 ,a P 4 for all the mentioned form factors can be found in Table V and Table IX of Ref. [5] . And in doing the comparison, we take the same DA moments for both methods.
We show a comparison of our results of F (36, 37) are consistent with those of Ref. [5] , especially in the lower q 2 region.
• With the increment of q 2 , the form factors of Ref. [5] increase faster than ours. We can see this clearly from the scalar and tensor form factors f Ref. [5] gives a larger f 0 B→π,K (q 2 ) at higher q 2 region due to the fact that the twist-3
is dominant over the leading twist contribution at large momentum transfer. In Ref. [5] the total uncertainty is obtained by adding up the uncertainties caused by each parameter in quadrature; while at the present, we vary the parameters within their possible regions and adopt the minimum and the maximum ones as the uncertainty boundary. Moreover, we have adopted a simple overall uncertainty 12% or 15% for the form factors within all q 2 for the LCSRs of Ref. [5] , which in fact should be varied according to different q 2 , e.g. we have found that such uncertainty may be up to 5% for the mentioned form factors with the region of q 2 ∈ [0, 14] GeV 2 .
• One may observe that in the lower q 2 region, different from Ref. [5] where
increases with the increment of both a 
With the help of the relation (40) 
These results are consistent with ours and also with those of Ref. [5] within reasonable errors, which is also calculated by taking the pole quark mass. This shows that these two choices of b-quark mass are equivalent to each other. Generally, the pion and kaon twist-2 and twist-4 DAs can be written in the following forms:
• twist-2 DAs:
ϕ P (u, µ) = 6uū 1 + a P 1 (µ)C 
where P stands for π or K respectively, · · · stands for even higher Gegenbauer terms.
• twist-4 DA's [3] : 
where h 00 = v 00 = − M 
Setting M P → 0 and M P → M K , one can obtain the pionic and the kaonic twist-4
DAs respectively.
